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Mined leaves were collected in commercial and unsprayed (no insecticides) 
apple orchards of Québec and Nova Scotia to détermine the relative 
abundance and diversity of parasites of the spotted tentiform leafminer, 
Phyllonorycter blancardella [Lepidoptera: Gracillariidae]. In Québec, 29 
species of leafminer parasites were recovered, belonging to 7 families : 
Aphelinidae, Braconidae, Chalcidae, Eulophidae, Ichneumonidae, 
Pteromalidae and Scelionidae. The most prévalent species were Pholetesor 
ornigis (67%), Sympiesis marylandensis (11%), S. serviceicornis (7%), 
Pnigalio maculipes (1.5%), Tetrasticus spp. (1.2%), while ail other species 
accounted for < 1.0%. Pholetesor pedias, a braconid released in 1983 at 
Frelighsburg, Québec, was not found in the 1984 and 1985 surveys. In Nova 
Scotia, 19 parasite species were recovered, belonging to 5 families : 
Braconidae, Encyrtidae, Eulophidae, Ichneumonidae and Pteromalidae. The 
most prévalent species were : Pholetesor ornigis (52%), Pnigalio maculipes 
(14%), Sympiesis serviceicornis (12%), S. marylandensis (9.5%), Sympiesis 
spp. (5%), Horismenus fraternus (1.8%), Paraleurocerus sp. (1.3%), 
Stictopisthus flaviceps (1.1%), while ail other species accounted for < 1%. 
Seven and five species of hyperparasites were recovered in Nova Scotia 
and Québec, respectively. New records for North America for the spotted 
tentiform leafminer as a host are : Sticopisthus bilineatus, S. flaviceps, 
Eu de ris s p., Pnigalio epilobii, P. pallipes and Paraleurocerus bicolo ripes. 
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Une étude a été effectuée dans des vergers commerciaux et non-traités du 
Québec et de la Nouvelle-Ecosse pour déterminer l 'abondance et la diversité 
des parasi tes de la m ineuse marb rée , Phyllonorycter blancardella 
[Lepidoptera : Gracil lari idae]. Au Québec, 29 espèces de parasites ont été 
retrouvées et elles appartenaient à 7 famil les, soit Aphel in idae, Braconidae, 
Chalcidae, Eulophidae, Ichneumonidae, Pteromalidae et Scelionidae. Les 
espèces les plus fréquentes étaient : Pholetesor ornigis (67 %) , Sympiesis 
marylandensis (11 %) , S. serviceicornis (7 %) , Pnigalio maculipes (1,5 %) , 
Tetrasticusspp. (1,2 %). Toutes les autres espèces représentaient moins de 
1 % des espèces trouvées. Pholetesorpedias, une espèce braconide relâchée 
à Frel ighsburg, Québec en 1983 n'a pas été détectée en 1984 et 1985. En 
Nouvelle-Ecosse, 19 espèces ont été trouvées et elles appartenaient à 5 
fami l les , soi t Braconidae, Chalc idae, Eu loph idae, Ichneumonidae et 
Pteromalidae. Les espèces les plus fréquentes étaient : Pholetesor ornigis 
(52 %) , Pnigalio maculipes (14 %) , Sympiesis serviceicornis (12 %) , S. 
marylandensis (9,5 %), Sympiesis spp. (5 %) , Horismenus fraternus (1,8 %), 
Paraleurocerussp. (1,3 %) , Stictopisthus flaviceps (1,1 %) ; toutes les autres 
espèces représentaient moins de 1 % des espèces trouvées. Sept et cinq 
espèces d'hyperparasites ont été retrouvées en Nouvelle-Ecosse et au 
Québec, respectivement. Sticopisthus bilineatus, S. flaviceps, Euderis sp., 
Pnigalio epilobii, P. pallipes and Paraleurocerus bicoloripes consti tuent des 
nouvel les ment ions c o m m e parasi tes de la mineuse marbrée pour 
l 'Amérique du Nord. 

INTRODUCTION 

The spotted tentiform leafminer, Phyl
lonorycter blancardella (F.) [Lepi
doptera : Gracillariidae], is an impor
tant pest of apple (Malus domestica 
Borkhausen) in eastern North America 
(Dutcher and Howitt 1978; Johnson et 
al. 1976; Maier 1984; Pottinger and 
LeRoux 1971). Although it occurs in 
some areas with the apple blotch leaf
miner, P. crataegella (Clemens) (Maier 
1983), P. blancardella is the dominant 
species in Ontario, Québec and Nova 
Scotia (Bishop 1998; Vincent et al. 1986). 
In Ontario, populations of P. blancardella 
hâve developed résistance to organo-
phosphate (Pree et al. 1980) and syn-
thetic pyrethroid insecticides (Pree et 
al. 1986). Although insecticide résistance 
in this species has not yet been report-
ed in Québec or Nova Scotia, alterna
tives to synthetic insecticides are need-
ed to design sound and sustainable 
protection programs. 

Several surveys of hymenopterous 
parasitoids of P. blancardella hâve been 
conducted, and a total of 36 species 
hâve been recorded from northeastern 

North America (Hagley 1985; Maier 
1994; Pottinger and LeRoux 1971; Ridg-
way and Mahr 1985). The prédominant 
species in each of thèse studies were 
the braconid Pholetesor ornigis (Weed) 
[Hymenoptera : Braconidae] and the 
eulophid Sympiesis marylandensis (Gi-
rault) [Hymenoptera : Eulophidae]. 

In 1978, the exotic parasitoid Pholete
sor pedias (Nixon) [Hymenoptera : Bra
conidae] was released and established 
near Guelph, Ontario (Laing and Heraty 
1981). Pholetesor pedias individuals 
obtained from the Biocontrol Laborato-
ry (Guelph University, Ontario) were 
released on 28 June (12 unsexed indi
viduals) and 20 July (52) 1983 in an 
untreated (i.e. no insecticides) orchard 
at the Agriculture Canada Expérimental 
Farm located at Frelighsburg (45°03' N; 
75°50' W), Québec. A survey was initi-
ated in 1984 and 1985 to détermine its 
establishment and the relative abun-
dance of the parasitoid fauna of P. blan
cardella. 

Little information has been published 
concerning the parasite fauna of the 
spotted tentiform leafminer in Nova 
Scotia. In response to a widespread 
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increase in P. blancardella population 
densities in Nova Scotia orchards (R. 
Smith, unpublished data) and to con-
cerns by apple growers, a survey of the 
parasitoid fauna was conducted in 1994 
and 1995 to identify indigenous natural 
enemies that could be useful to estab-
lish a biocontrol program. Consequent-
ly, the surveys were conducted in both 
untreated (no insecticides) and commer
cial (treated with pesticides, including 
insecticides) orchards in Québec and 
Nova Scotia. 

MATERIALS AND METHODS 

Québec (1983-1985) 
Collection of parasites were done in 
June, July and August in two untreated 
(Frelighsburg and l'Acadie) and three 
commercial (Saint-Grégoire, Rouge-
mont and Frelighsburg) orchards. Sev-
eral hundred leaves showing tissue-
feeding mines (i.e. containing a fourth 
or fifth instar larva, pupa or its remains) 
were collected at random from the can-
opy of apple trees at a height of approx-
imately 1.5 m. From thèse collected 
leaves, 200 mined leaves of each site 
were selected at random and put per 
cardboard boxes (50 cm x 50 cm x 50 
cm) that were placed in an insectary. To 
collect emerging parasites, a bottle was 
fitted to a transparent plastic funnel 
installée! on top of each box. The bot-
tles were emptied every weekday. In 
the fall, the leaves were transferred on 
a tray to search for spécimens remain-
ing in the boxes. Collected parasites 
were mounted and sent to the Agricul
ture and Agri-Food Canada Eastern 
Cereals and Oilseed Research Centre in 
Ottawa for identification. Voucher spéc
imens were deposited in its collection. 

Nova Scotia Study (1994-1995) 
Fourteen commercially managed or
chards in Kings County, Nova Scotia, 
were surveyed weekiy, from 21 June to 
30 November 1994, and 12 April to 30 
November 1995 for P. blancardella and 
its associated parasitoids. Fifteen trees 
were selected as sampling units in each 
orchard. They were separated byatleast 
two other trees within orchard rows. 
Six unsprayed wild sites were also 
monitored weekiy. They consisted of 

two to four trees that had arisen from 
inadvertent seedlings on unmanaged 
land. 

In both years of the study, two mined 
leaves were selected from each sample 
tree weekiy, from the last week of June 
to the last week of November. Leaves 
were taken to the laboratory and exam-
ined undera dissecting microscope. Par-
asitized leafminer larvae and pupae 
were placed on moistened filter paper 
in pétri dishes and held in a Conaire® 
growth cabinet at 20 ± 1°C, 75 ± 5% RH 
and 16:8 L:D photoperiod. Thèse were 
observed weekiy until an adult parasi
toid emerged orthe juvénile stage died. 
Adult parasitoids were identified by 
Agriculture and Agri-Food Canada East
ern Cereals and Oilseed Research Cen
tre, Ottawa, Ontario. Voucher spécimens 
of ail identified parasitoids were depos
ited at the Agriculture and Agri-Food 
Canada Atlantic Food and Horticulture 
Research Centre, Kentville, Nova Scotia. 

The results are reported by manage
ment (i.e commercial or unsprayed) of 
orchards. To evaluate species diversity 
in each yr-management situations, Simp-
son's index was calculated (Krebs 1989). 
Proportions were compared with G-tests 
(Zar 1996) under the null hypothesis of 
equality of proportions. 

RESULTS AND DISCUSSION 

Québec (1983-1985) 
In Québec, 29 hymenopterous parasite 
species (16 gênera, sevenfamilies) were 
recovered (Table 1), ten of which had 
been reported by Pottinger and LeRoux 
(1971). Four species (the eupelmid Eu-
pelmella vesicularis Retzius and the 
eulophids Zagrammosoma multilinea-
tum multilineatum Ashmead, Sympie-
sis nigripes Ashmead and Horsimensus 
fraternusF\tch) mentioned in Pottinger 
and LeRoux (1971) were not recovered. 

Pholetesor ornigis was the most 
abundant in ail samples, ranging from 
37 to 63% in untreated orchards, and 0 
to 89% in commercial orchards using 
pesticides. Pholetesor ornigis was first 
reported in Québec by Parent (1962), 
and was the prédominant species found 
in southern Québec by Pottinger and 
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LeRoux (1971). The second most abun-
dant species, the eulophid Sympiesis 
marylandensis, accounted for 12 to 21 % 
and 2 to 44% of parasites collected 
respectively in unsprayed and commer
cial orchards. Pottinger and LeRoux 
(1971) report that this species accounts 
for 70% of parasitoids in the first leaf-
miner génération and 80% in the third. 
The braconid P. pedias was not recov-

ered in the Québec survey. Ten percent 
of the species were found only in com-
mercially managed orchards, comparée! 
to 41% found solely in untreated or
chards and 48% of the species were 
identified in both sprayed and un
sprayed sites. The abundance of para
sites was greater in untreated than in 
commercial orchards (Table 1). 

Table 1. Relative abundance of P. blancardella parasite species in Québec apple orchards 

1983 1984 1985 

Family Genus and species Ua Ca U C U C Total 

Aphelinidae Centrodora sp. 

Braconidae Pholetesor ornigis (Weed) 

Chalcidae Spilochalics sp. 

Eulophidae Chrysocharis laomedon (Walker) c 

Chrysocharis polita (Howard) 
Chrysocharis sp. 
Cirrospilus cictithorax (Girault) 
Closterocerus tricinctus (Ashmead) 
Closterocerus trifasciatus Westwood c 

Pnigalio flavipes (Ashmead) 
Pnigalio levis Yoshimoto 
Pnigalio maculipes (Crawford) 
Pnigalio minio Walker 
Pnigalio neolongus Yoshimoto 
Pnigalio uroplatae (Howard) 
Sympiesis bimaculatipennis (Girault) c 

Sympiesis dolichogaster Ashmead 
Sympiesis marylandensis Girault 
Sympiesis sericeicornis (Nées) c 

Sympiesis sp. 
Tetrasticus sp. 
Zagrammosoma nigrolineatum Crawford 

0.0" 

52.1 

0.0 

0.6 
1.2 
0.0 
0.0 
0.0 
1.2 
0.0 
0.0 
5.2 
0.0 
0.0 
0.6 
0.6 

11.6 
21.1 
4.1 
0.0 
0.0 
0.0 

Ichneumonidae Scambus (Scambus) decorus Walley 0.0 
Scambus (Scambus) vesicarius (Ratzeburg) 1.8 
Stictopisthus bilineatus (Thompson) c 0.0 

Pteromalidae 

Scelionidae 

Dibrachys cavus (Walker) 
Habrocytus sp. 
Hypopteromalus sp. 

Telenomus sp. 

0.0 
0.0 
0.0 

0.0 

0.0 

0.0 

0.0 

33.3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

11.1 
11.1 
44.4 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

0.0 

63.4 

0.1 

0.0 
0.0 
1.1 
0.1 
0.0 
0.2 
0.0 
0.2 
0.0 
0.0 
0.1 
4.1 
0.1 
0.0 

12.4 
11.9 
0.2 
2.5 
1.1 

0.0 
0.0 
0.0 

0.0 
0.7 
0.0 
1.2 

0.4 0.0 

89.3 37.3 

0.0 0.0 

0.0 0.1 

62.1 67.3 

0.0 0.1 

0.0 
0.0 
0.4 
0.0 
0.0 
0.0 
1.1 
0.4 
0.2 
0.4 
0.0 
3.3 
0.0 
0.0 
2.1 
0.6 
0.2 
0.0 
0.6 

0.2 
0.0 
0.6 

0.0 
0.0 
0.0 

0.0 

0.0 
0.0 
0.6 
0.0 
1.1 
0.0 
0.6 
0.0 
3.3 
0.6 
0.0 
0.0 
0.0 

16.0 
20.6 
12.0 
0.0 
2.6 
2.0 

0.0 
0.0 
0.0 

0.6 
0.0 
2.0 

0.0 

1.6 
0.0 
0.0 
0.0 
0.0 
0.0 
4.0 
0.0 
5.6 
2.4 
0.0 
0.0 
0.0 
4.8 

12.1 
6.4 
0.0 
0.0 
0.8 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

Total no. of parasite spécimens collected 
Total number of species collected 

171 
11 

571 
16 

481* 
14 

150 
13 

0.4 
0.1 
0.6 
0.1 
0.1 
0.3 
0.7 
0.3 
1.5 
0.4 
0.1 
2.6 
0.2 
3.4 

11.1 
6.9 
0.2 
1.2 
0.8 

0.1 
0.2 
0.2 

0.1 
0.3 
0.3 

0.5 

124* 1506 
9 29 

Simpson's Probability of two individuals 
index being différent 0.66 0.67 0.57 0.20 0.77 0.59 

No. of equally common species 2.99 3.00 2.30 1.25 4.45 2.43 

a U = Untreated (no insecticides) apple orchards; C = commercial orchards, treated with 

insecticides. 
b Values in a column represent percent of total number collected by year and orchard 

management. 
c Hyperparasite of braconid and chalcid larvae and pupae. 

* The proportion of spécimens recovered from unsprayed versus commercial orchard is 
significantly différent at P = 0.05 (G-tests). 
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N o v a Scot ia (1994-1995) 
In Nova Scotia, 19 species (12 gênera, 
f ive famil ies) were recovered f rom the 
mined leaves (Table 2). The most abun-
dant species recovered in both yr were 
Pholetesor ornlgis (52% of ail spécimens 
captured), Pnigalio sp. (P. maculipes or 
P. flavipes) (14%), Sympiesis sericeicor-
nis (12%) and S. marylandensis (9%). 
Seven (Nova Scotia; Table 2) and f ive 
species (Québec; Table 1) hâve been 
reported as hyperparasites that kill lar-
vae and pupae of P. ornigis and pupae 
of chalc idoid species (Maier 1982,1984, 
1994; Pott inger and LeRoux 1971). 

In contrast to the Québec study, 32% 
of the species were found only in com
mercial sprayed orchards, none were 

found solely in the untreated orchards, 
wh i le 48% were found in both sprayed 
and untreated orchards. Sticopisthus 
bilineatus (n = 8), S. flaviceps (n = 29), 
Euderis sp. (n = 1), Pnigalio epilobii (n 
= 1), P. pallipes (n = 1) and Paraleuro-
cerusbicoloripesin = 1) are new records 
from Phyllonorycter blancardella in 
North America. Sticopisthus bilineatus 
and S. flaviceps belong to the Mesocho-
r i nae , s e c o n d a r y paras i tes of Bra-
conidae, Ichneumonidae and Tachin-
idae, and were both col lected f rom P. 
ornigis pupal cases. AN other species 
(Table 2) hâve been repor ted f r o m 
Québec (Pott inger and LeRoux 1971), 
Ontar io (Hagley 1985; Johnson et al. 
1976), Michigan (Dutcher and Howit t 
1978), New York (Weires étal. 1980) or 

Table 2. Relative abundance of P. blancardella parasite species in Nova Scotia apple orchards 

Genus and species 

1994 1995 

Family Genus and species Ua Ca Ua Ca Total 

Braconidae Pholetesor ornigis (Weed) 46.6b 47.6 42.6 56.4 51.8 
Encyrtidae Paraleurocerus sp. 

(? bicoloripes (Girault)) 0.0 0.7 8.3 0.4 1.3 

Eulophidae Chrysocharis laomedon (Walker) c 4.0 0.7 1.2 0.2 0.2 
Cirrospilus sp.1 0.6 0.1 3.5 0.4 0.2 
Cirrospilus sp.2 0.0 0.2 0.0 0.3 0.6 
Closterocerus trifasciatus Westwood ° 0.0 0.0 0.0 0.2 0.1 
Euderis sp. 0.0 0.0 0.0 0.1 0.1 
Horismenus fraternus (Fitch) c 6.0 1.1 0.7 1.9 1.8 
Pnigalio flavipes (Ashmead) or 

P. maculipes (Crawford) 7.3 12.2 7.5 17.5 14.3 
Pnigalio llevis Yoshimoto or P. epilobii Boucek 0.0 0.0 0.0 0.1 0.1 
Pnigalio pallipes (Provancher) 0.0 0.0 0.0 0.1 0.1 
Sympiesis bimaculatipennis (Girault) c 0.0 0.3 0.0 0.1 0.2 
Sympiesis marylandensis Girault 17.3 21.4 1.9 2.7 9.5 
Sympiesis sericeicornis (Nées) c 4.0 7.2 21.9 13.8 12.1 
Sympiesis sp. 6.0 5.1 7.6 4.6 5.3 

Ichneumonidae Scambus (Scambus) sp. 2.0 1.6 1.2 0.4 0.9 
Stictopisthus bilineatus (Thompson) c 1.3 0.3 0.7 0.1 0.3 
Stictopisthus flaviceps (Provancher) c 5.0 0.9 2.3 0.5 1.1 

Pteromalidae Unknown 0.0 0.0 0.0 0.1 0.1 

Total no. of parasite spécimens collected Ï50~*~ 831 251* 1408 2640 
Total number of species collected 11 14 12 19 19 

Simpson's Probability of two individuals being différent 0.73 0.70 0.75 0.63 
index No. of equally common species 3.76 3.38 3.99 2.69 

U = Untreated (no insecticides) apple orchards; C = commerc ia l orchards, t reated w i th 
insect ic ides, under an IPM p rog ram. 

Values in a co lumn represent percent of total number col lected by year and orchard 
management . 

Hyperparasi te of b racon id and chalc id larvae and pupae. 

The p ropor t ion of spéc imens recovered f rom unsprayed versus commerc ia l orchard is 
s ign i f icant ly d i f férent at P = 0.05 (G-tests). 
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Connecticut (Maier 1984,1994). For both 
yr in the Nova Scotia study, the abun-
dance of spécimens was greatest in the 
c o m m e r c i a l o rchards tha t ope ra ted 
under an Integrated Pest Management 
System that minimizes use of the harsh-
er, more disrupt ive pesticides. We sug-
gest that th is , coupled w i th annual con
sistent leafminer populat ions, has nur-
tured and sustained abundant parasite 
numbers. 

In conclus ion, in both provinces and 
in both commerc ia l or unsprayed or
chards, the braconid Pholetesor ornigis 
was the most (> 37%) prévalent of para
si te spec ies , except in c o m m e r c i a l 
orchards of Québec in 1983. The para
site fauna of Québec was more diverse, 
as more famil ies and species were found 
in Québec (7 fami l ies, 29 species) than 
in Nova Scotia (5 fami l ies, 19 species). 
S impson 's index suggests that the spe
cies col lected were evenly d ist r ibuted 
among the samples for both untreated 
and commerc ia l orchards. Finally, six 
species are new records fo r No r th 
Amer ica as parasites of the spot ted 
tent i fo rm leafminer. 
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